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. Three equivalent circuit models for the CNF/SWCNT/IL actuator, where C 1 and C denote the specific capacitance (C = C 1 /2), R denotes the ionic resistance and R el denotes the electrode resistance. Figure S2 presents the equivalent circuit models for the CNF/SWCNT/IL actuators. The model in Figure S2 (a) comprises the specific capacitance C 1 between the CNF/SWCNT/IL electrode layer and the resistance R associated with the PVdF(HFP) or CNF/IL electrolyte layer. Figure S2 (b) depicts a more simplified model in which the two capacitances C 1 are replaced by a single capacitance C (= C 1 /2). When a triangular voltage with an amplitude of ±A and frequency f is applied to the equivalent circuit depicted in Figure S2 (b), the maximum accumulated charge Q(f) can be expressed as follows [S1] :
where Q 0 is the accumulated charge at the low-frequency limit. If the strain ε in the electrode layer is proportional to the accumulated charge, it can be calculated as follows:
where ε 0 denotes the strain at the low-frequency limit.
While considering conduction in the electrode layer, it is necessary to account for the electrode resistance in the equivalent circuit. If the electrode resistance is explicitly treated, the equivalent circuit should be treated as a distributed transmission line [S2] . Herein, we assumed that the electrode resistance comprises a resistance element R el , as depicted in Figure S2 (c). Thus, R in Eq. (S1) can be replaced by R + R el .
S2
To evaluate the double-layer charging kinetic model, the double-layer capacitance of the CNF/SWCNT/IL electrode and the ionic resistance of the PVdF(HFP)/IL gel electrolyte layers were measured. Further, the frequency dependence of the strain was calculated using Eqs. (S1) and (S2). electrolyte actuators. Curve A was calculated using the model denoted in Figure S2 (b), and Table S1 summarises the simulation parameters, whereas Curve B was calculated using the model depicted in Figure S2(c) ; further, the simulation parameters are presented in Table S2 . Table S2 .
To optimise the performance of the actuator, the results summarised in Tables S1 and S2 should be considered from both the kinetic and static perspectives. From the kinetic perspective, the frequency dependence of the strain can be determined via electrochemical charging, as denoted in Figure 7 (a).
Obtaining good fits generally requires consideration of the electrode and electrolyte resistances.
Further, the response of the CNF/SWCNT/IL electrodes and the PVdF(HFP)/IL electrolyte actuators can be improved by fabricating electrodes and electrolytes with high conductivity values.
To evaluate the double-layer charging kinetic model, the double-layer capacitance of the CNF/SWCNT/IL electrode and the ionic resistance of the CNF/IL gel electrolyte layers were measured. The frequency dependence of the strain was calculated using Eqs. (S1) and (S2). actuators. Curve A was calculated using the model presented in Figure S2 (b), and Table S3 S3 summarises the simulation parameters. Curve B was calculated using the model denoted in Figure   S2 (c), and the simulation parameters are presented in Table S4 . It is clear from Figure 7 (S1); Table S3 presents these values.
To optimise the performance of the actuator, the results summarised in Tables 
